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ABSTRACT 

T h i s  memorandum addresses t h e  impor tance  of J - 2  e n g i n e  
performance p o t e n t i a l  and u s e f u l n e s s  i n  t h e  c o n t e x t  o f  a minimum 
c o s t  p roduc t  improvement t o  t h e  S a t u r n  V l aunch  v e h i c l e .  

It i s  shown the  s p e c i f i c  impulse  w i l l  be  v a l u a b l e  i n  
any o f  s e v e r a l  m i s s i o n s ,  i n c l u d i n g  manned Mars f l y b y s ,  manned 
o r b i t a l ,  and manned l u n a r  a p p l i c a t i o n s .  Two major  approaches  
t o  I u p r a t i n g  are d i s c u s s e d :  (1) the e v o l u t i o n a r y  J-2s pro-  
gram, and ( 2 )  a " longsho t "  concept ;  t ha t  of a n  e x t e n d a b l e  s k i r  
S e c t i o n  V,  "Concluding Remarks", o f f e r s  t h e  s u g g e s t i o n  t o  re- 
o r i e n t  t h e  J-2.5 t o  make g r e a t e r  I SP a v a i l a b l e  soone r  and t e s t  
t h e  e x t e n d a b l e  s k i r t  i n  an  a v a i l a b l e  t i m e  s l o t  a t  AEDC (Arnold 
E n g i n e e r i n g  Development C e n t e r ) .  
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MEMORANDUM FOR FILE 

I. I N T R O D U C T I O N  

P r e s e n t  approaches  t o  advanced manned m i s s i o n s  a r e  based  
p r i m a r i l y  on minimum change ( c o s t )  m o d i f i c a t i o n  t o  t h e  S a t u r n  V 
l aunch  v e h i c l e .  For  example,  t h e  proposed  manned Mars f l y b y  i n  
R e f .  1 r e s t r i c t s  t h e  S a t u r n  V u p r a t i n g  t o  a p r o d u c t  improvement 
growth v e r s i o n  o f  t h e  S-IC f i r s t  stage t o  an  MS-IC  s t a g e .  The 
M S - I C  p r o v i d e s  f o r  a F-1 p r o p u l s i o n  u p r a t i n g  from 1.52-to-1.80 
m i l l i o n  l b s - t h r u s t  l e v e l  and a p r o p e l l a n t  l o a d i n g  i n c r e a s e  of 
6 0 0 , 0 0 0 - l b s  co r re spond ing  t o  a 2 0 - f t  t a n k  e x t e n s i o n .  

The c o n t e n t s  o f  t h i s  memorandum are  concerned  w i t h  t h e  
p o t e n t i a l  per formance  growth o f  t h e  LH2/L02 S-I1  second and S- IVB 

t h i r d  stages.  A t t e n t i o n  i s  pa id  p r i m a r i l y  to improvements to t h e  
5-2  e n g i n e s  l e a d i n g  t o  s p e c i f i c  impu l se  ( I  ) performance  u p r a t i n g  
and i t s  r e s u l t i n g  u s e f u l n e s s  i n  s e v e r a l  m i s s i o n  modes. 

SP 

11. H I S T O R Y  

The 5-2  e n g i n e  as p r e s e n t l y  programmed f o r  S a t u r n  V 
m i s s i o n s  i s  a g a s - g e n e r a t o r  d r i v e n  turbopump e n g i n e  p r o v i d i n g  
2 0 5 , 0 0 0  l b s  of t h r u s t  a t  t h e  d e s i g n  m i x t u r e  r a t i o  (MR) of 5:l 
( l b s  L02/ lbs  LH2).  
27 .5  and p r o v i d e s  a minimum of 426-seconds vacuum s p e c i f i c  
impu l se  a t  t h e  d e s i g n  m i x t u r e  r a t i o .  

The eng ine  has a n  expans ion  r a t i o  ( E )  o f  

During e a r l y  trade-off s t u d i e s ,  it was shown t h e  t r a n s -  
l u n a r  i n j e c t i o n  ( T L I )  payload  c o u l d  improve b y  o p e r a t i n g  t h e  
e n g i n e s  i n  a programmed m i x t u r e  r a t i o  mode. T h i s  i s  a two-s tep  
o p e r a t i o n  i n  which t h e  LO2 f l o w  i s  schedu led  d u r i n g  f l i g h t  t o  
m a i n t a i n  a 5 . 5  MR d u r i n g  t h e  e a r l y  burn  t i m e  and t h e n  4 .5  MR 
Lzntil p r o p e l l a n t  d e p l e t i o n ,  a l l  a t  c o n s t a n t  LH2 f low r a t e .  The 
e n g i n e  t h r u s t  i s  i n c r e a s e d  f r o m  205,000-to-225,000 l b s  t h r u s t  
d u r i n g  t h e  e a r l y  bu rn  t i m e  and s i m i l a r l y  d e c r e a s e d  i n  t h e  f i n a l  
s t e p .  T h i s  mode o f  o p e r a t i o n  r e s u l t s  i n  a lower  t o t a l  s t a g e  
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s p e c i f i c  impulse  of  about  2 seconds  ( 1 / 2  p e r  c e n t ) ,  however, t h e  
loss  of impu l se  i s  more t h a n  compensated by t h e  r e d u c t i o n  of  
g r a v i t y  l o s s e s .  
i n  t h e  S - I1  s t a g e  o p e r a t i o n .  

Programmed m i x t u r e  r a t i o  i s  p a r t i c u l a r l y  e f f e c t i v e  

The p r e s e n t  c o n t r o l  S a t u r n  V T L I  weight  i s  o f  t h e  
o r d e r  o f  103 ,000  l b s ;  t h a t  o f  t h e  Apollo s p a c e c r a f t  i s  98 ,500  
l b s  f o r  t h e  l u n a r  l a n d i n g  c o n f i g u r a t i o n .  Thus, i n  t h e  immediate 
pas t  l i t t l e  e f f o r t  was made by t h e  Apollo program t o  o b t a i n  more 
e n g i n e  per formance .  Product  improvement a c t i v i t i e s  have l e d  t o  
t h e  J - 2 s  and J-2X e f f o r t s  funded a s  p a r t  o f  t h e  s u p p o r t i n g  develop-  
ment. The  f o l l o w i n g  i s  a short d e s c r i p t i o n  of  t h e  program 
o b j e c t i v e s  and s t a t u s  a s  o b t a i n e d  from R e f .  2 .  

"For t h e  pas t  s e v e r a l  years we have been  s p o n s o r i n g  
t h e  J-2X Exper imenta l  Eng inee r ing  Program as a 
p a r t  o f  t h e  MSF Suppor t ing  Development e f f o r t .  
T h i s  J-2X program has had ,  as i t s  o b j e c t i v e ,  t h e  
e x p e r i m e n t a l  i n v e s t i g a t i o n  o f  a number of  fea tures  
t o  improve t h e  performance and u p r a t i n g  c h a r a c t e r -  
i s t i c s  of  t h e  5-2  engine  w i t h  t h e  companion g o a l s  
o f  r e d u c i n g  e n g i n e  complexi ty  and c o s t  and improving 
r e l i a b i l i t y .  A number o f  t h e s e  f e a t u r e s  have been 
developed  s u f f i c i e n t l y  t o  t h e  p o i n t  where t h e y  can  
now be  c o n s i d e r e d  f o r  i n c o r p o r a t i o n  i n t o  t h e  main- 
s t r e a m  5-2 e n g i n e .  MSFC p e r s o n n e l  have s e l e c t e d  
t h e s e  mature  improvements and p repa red ,  i n  conjunc-  
t i o n  w i t h  t h e  c o n t r a c t o r ,  a t e n t a t i v e  p l a n  i n c l u d i n g  
s c h e d u l i n g  arid c o s t i n g .  The r e s u l t i n g  s i m p l i f i e d  
e n g i n e  has been d e s i g n a t e d  t h e  J-2s. 

The p r i n c i p a l  f e a t u r e s  o f  t h e  J-2s e n g i n e  t h a t  
d i f f e r e n t i a t e s  it from t h e  p r e s e n t  5-2, i s  t h e  pro-  
v i s i o n  of idle-mode o p e r a t i o n ,  t h e  i n c o r p o r a t i o n  o f  
a b leed  c y c l e ,  and a new eng ine  s t a r t  mechanism. 
I n c o r p o r a t i o n  o f  t h e s e  f e a t u r e s  w i l l  p e r m i t :  e l i m i -  
n a t i o n  of  some o f  t h e  p r e s e n t  eng ine  subsys tems;  
removal  of  t h e  r equ i r emen t  f o r  t h r u s t  chamber p re -  
c o n d i t i o n i n g ;  i n c o r p o r a t i o n  of  a r e l i a b l e  t r i p l e  
e n g i n e  s t a r t  c a p a b i l i t y  and s e l f - u l l a g i n g ;  and 
s i g n i f i c a n t  r e d u c t i o n  o f  t h e  number and complexi ty  
o f  t h e  e n g i n e  and s t a g e  l aunch  p r e p a r a t i o n  e v e n t s . "  

It has been  proposed  t o  deve lop  t h e  J-2s as a q u a l i f i e d  manrated 
p r o p u l s i o n  s y s t e m  f o r  use  i n  S-I1 and S-IVB v e h i c l e s  on l a t e r  SAA 
and advanced fol low-on m i s s i o n s .  A g o a l  has been s u g g e s t e d  i n  
R e f .  2 f o r  a December 1 9 7 0  q u a l i f i c a t i o n  da te .  The J - 2 s  as 
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proposed  ( b a s i c  5 - 2 5 )  would i n c r e a s e  t h e  S a t u r n  V T L I  by o n l y  
1 8 0 0  l b s .  T h i s  modest i n c r e a s e  i s  o b t a i n e d  e s s e n t i a l l y  t h r o u g h  
s t r u c t u r a l  weight  r e d u c t i o n s ,  p o s s i b l e  e l i m i n a t i o n  o f  a u x i l i a r y  
p r o p u l s i o n ,  and i n c r e a s e d  p r o p e l l a n t  u t i l i z a t i o n  ( r e d u c e d  e n g i n e  
p r e c h i l l i n g ) .  I n  R e f .  2 it was p o i n t e d  o u t  t h a t  g r e a t e r  T L I  
c o u l d  b e  o b t a i n e d  by d e l i b e r a t e  e f f o r t  u s i n g  s e v e r a l  J-2X 
o p t i o n s  n o t  i n c o r p o r a t e d  i n t o  t h e  b a s i c  J-2s program p r o p o s a l .  
Seve ra l  o f  t hese  o p t i o n s ,  w i t h  rough c o s t s ,  p roposed  by  MSFC 
are  p r e s e n t e d  i n  Tab le  1 taken  from Ref .  3 .  Thus,  f o r  a n  
a d d i t i o n a l  10-to-15 m i l l i o n  d o l l a r s  t h e  T'LI can  b e  i n c r e a s e d  
a t o t a l  o f  5 ,500 l b s  and f o r  15-to-30 m i l l i o n  d o l l a r s  t h e  T L I  
can b e  i n c r e a s e d  a t o t a l  o f  6 , 9 0 0  l b s .  

The  J-2s I performance i n c r e a s e  would be o b t a i n e d  
SP  

b y  i n c r e a s i n g  t h e  a r e a  r a t i o  from 27.5-to-35 or 4 0  b y  " p i n c h i n g  
t!ie t h r o a t . ' '  The  t h r u s t  chamber, t o  consume p r o p e l l a n t s  a t  t h e  
sane r a t e ,  oper?a tes  a t  h i g h e r  chamber p r e s s u r e  ( P c ) .  (Pc  i s  
. i .nversely p r o p o r t i o n a l  t o  t h r o a t  area a t  c o n s t a n t  f l o w - r a t e . )  
'?lie i n c o r p o r a t i o n  o f  t h e  new LH c e n t r i f u g a l  pump would a l l o w  t h e  2 
e n g i n e  t h r u s t  l e v e l  t o  i n c r e a s e  20,000-to-25,OO l b s  t h r u s t  o v e r  
t h e  '4.5-to-7.5 m i x t u r e  r a t i o  r ange  and p r o v i d e s  some a d d i t i o n a l  
r e d u c t i o n  i i i  g r a v i t y  l o s s e s  d u r i n g  programmed m i x t u r e  r a t i o  
o p e r a t t a n .  To t h i s  w r i t e r ' s  knowledge, t h e  p r e s e n t  s t a t u s  o f  t h e  

Ti na n c i a I r e  s p  on s i b i 1 it y . 
tT.-.'>C L h ~  p ?og;-am i s  t h a t  t h e  A A P  o f f i c e  w i l l  c o n s i d e r  b e a r i n g  i t s  

A .  A n c i l l a r y  -- Technology (Ex tendab le  Nozzle)  

A r e c e n t  Rocketdyne concept  ( R e f .  4) has been s t u d i e d  
wriich i f  s u c c e s s f u l  c o u l d  b y  i t s e l f  r e s u l t  ir! 2 J-2 eng ine  T 

K;eriformance between 455-460 seconds or 7-to-8 p e r c e n t  g r e a t e r  
t h a n  t h e  p r e s e n t  r e f e r e n c e  l e v e l s .  The concep t  c o n s i s t s  o f  de- 
p l o y i n g  a n  e x t e n d a b l e  s k i r t  which i n c r e a s e s  t h e  n o z z l e  area 
r a t i o  ( E )  from 27.5:l ( p r e s e n t  5 - 2 )  t o  as l a r g e  as 200:l. O f  
severa l  p r e l i m i n a r y  c o n c e p t s  examined, t h e  f a v o r e d  c o n f i g u r a t i o n  
c o n s i s t e d  o f  a combined g a s  f i l m ,  r a d i a t i o n  c o o l e d  s k i r t  made o f  
e i t h e r  r e f r a c t o r y  m e t a l  or r e f r a c t o r y  c l o t h .  The f i l m  c o o l a n t  
i s  t h e  t u r b i n e  e x h a u s t  gases.  It  was ( o r a l l y )  r e p o r t e d  t h a t  a 
typ ica .1  weight  p e n a l t y  was of t h e  o r d e r  of  300-to-500 l b s .  T h i s  
co!:cept c o u l d  be q u i t e  e f f e c t i v e  f o r  t h e  s i n g l e  e n g i n e  i n s t a l l a t i o n  
e x i s t i R g  i n  a S-IVB s t a g e ,  b u t  would r u n  i n t o  geometry l i m i t a t i o n s  
f o r  t h e  c l u s t e r e d  5-engine S- I1  s t a g e .  A 7 -percent  I improve- 
merit f o r  a f u l l y  loaded  S - I V B  s t a g e  c o u l d  p r o v i d e  a 1 6 , 0 0 0 - 1 b ~  TLI 
p a y l o a d  i n c r e a s e .  Rocketdyne i s  p r e s e n t l y  e x p e r i m e n t a l l y  i n v e s t i -  
g a t i n g  t h e  concep t  a t  a lower t h r u s t  l e v e l .  The t echno logy  re-  
q u i r e d  f o r  material  s e l e c t i o n  and d u r a t i o n  c a p a b i l i t y  i s  b e i n g  
e v a l u a t e d  i n  a c u r r e n t  A i r  Force Rocket P r o p u l s i o n  Lab ( R P L )  

-SP 

SP 
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program i n  which f i r i n g s  w i l l  be made a t  t h e  8,000-t0-10,000 l b s  , 

t h r u s t  l e v e l  i n  a n  a l t i t u d e  f a c i l i t y  a t  t h e  Arnold E n g i n e e r i n g  
Development Cen te r  ( A E D C ) ,  Tullahoma, Tenn. ,  d u r i n g  A p r i l  1967.  
T h i s  program shou ld  b e  c a r e f u l l y  watched f o r  a v e r y  c o s t  e f f e c t i v e  
J - 2  u p r a t i n g .  I f  s u c c e s s f u l ,  t h i s  AEDC program c o u l d  b e  t h e  p re -  
c u r s o r  for a f a m i l y  o f  n o z z l e  e x t e n s i o n s  which a re  s t e r i l i z a b l e  
an6 c o u l d  b e  used on most advanced p r o p u l s i o n  sys t ems .  

111. WHY MORE PAYLOAD? 

T h e  J-2s b a s i c  program i n  i t s e l f  i s  a wor thwhi l e  p r o d u c t  
iFprovernent program, p a r t i c u l a r l y  t h e  o p t i o n  o f  ( p r e s s u r e  f e d )  
I d l e  node o p e r a t l o n .  However, r e c e n t  f u t u r e  m i s s i o n  s t u d i e s  show 
that; f"!c i n c r e a s e d  T L I  o p t i o n  i s  o f  more v a l u e  t h a n  i n c r e a s e d  
f l e x f b i l i t y .  Some o f  t h e  p o t e n t i a l  m i s s i o n s  a re  d i s c u s s e d  below. 

A .  ?annea Nars Flyby ---_-__ 

1. Circular' O r b i t  Assembly ( 2 0 0  nm) 

The OMSF " J o i n t  Act ion  Group" s t u d y  o f  a 
1 9 7 5  manned Mars f l y b y  ( R e f .  1) c o n s i d e r e d  a Mars 
i n j e c t i o n  from l o w  c i r c u l a r  o r b i t  u s i n g  e i t h e r  t h r e e  
MS-IVB s t a g e s  i n  tandem or t h r e e  S-IVC s t a g e s  i n  
tandem. The MS-IVB s t a g e  i s  a minimum change S-IVB 
v . i t h  oxygen o f f - loaded  s o  t h a t  1 9 6 , 0 0 0  l b s  o f  u s a b l e  
p r o p e l l a n t  a t  a MR=5.0 a r e  a v a i l a b l e  and 1 9 , 0 0 0  
c d d i t i o n a l  l b s  of LH2 a re  a v a i l a b l e  f o r  b o i l o f f .  
The hydrogen t a n k  i s  ex tended  9 f t  t o  p r o v i d e  t h e  
r e q u i r e d  LH- volume. Min~r i n s u l a t i o n  changes 
t o g e t h e r  w i t h  t h e  b o i l o f f  a l lowance  would p r o v i d e  a n  
o r b i t  s t a y t i m e  i n  excess o f  50-hours p e r  stage. Thus,  
t h e  th ree  p r o p u l s i o n  stages must be r i p p l e  ( s a l v o )  
f i r e d  t o  a l l o w  s a t i s f a c t o r y  o r b i t a l  assembly .  The 
S-LVC concep t  employs e x t e r n a l  s u p e r i n s u l a t i o n  and 
a new/or s e p a r a t e d  common bulkhead  t o  e x t e n d  t h e  
o r b i t a l  s t a y t i m e  t o  as much as 30 days .  

L 

The S-IVB t y p e  stages were i n i t i a l l y  l aunched  t o  a 
1 0 0  nrn c i r c u l a r  o r b i t .  O r b i t a l  assembly o f  t h e  
s t a g e s  was planned for a 200-nm a l t i t u d e .  
k i c k  s t a g e  ( 1 9 , 0 0 0  l b s )  was t o  b e  p r o v i d e d  f o r  t h i s  
pu rpose .  

A L02/LH2 
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I n  t h e  above m i s s i o n  mode, 5-2 e n g i n e  per formance  
u p r a t i n g s  c o u l d  accompl ish  t h e  f o l l o w i n g :  

1. E l i m i n a t e  t h e  need f o r  t h e  k i c k  s tage ;  

2 .  o r ,  be used  t o  e x t e n d  t h e  r e q u i r e d  t i m e  f o r  
r i p p l e  f i r i n g  by p r o v i d i n g  more LH2 b o i l o f f  
c a p a b i l i t y  i n  b o t h  S-IVB d i r i v a t i v e  conf igu -  
r a t i o n s ,  p a r t i c u l a r l y  f o r  t h e  MS-IVB; 

3. o r ,  p r o v i d e  f o r  a s p a c e c r a f t  weight i n c r e a s e ;  

4 .  or, s i m p l y  p r o v i d e  more d e s i g n  marg in .  

2 .  E l l i p t i c a l  O r b i t  Assembly  

An a l t e r n a t e  t o  c i r c u l a r  o r b i t a l  a s s e m b l y  and i n j e c -  
t i o n  o f  t h e  Mars f l y b y  s p a c e c r a f t  i s  that of 
" e l l i p t i c a l  o r b i t  assembly" (EOS) (Ref .  5 ) .  I n  EOS 
t h e  s p a c e c r a f t  and p r o p u l s i o n  modules a r e  assembled 
i n  an e l l i p t i c a l  o r b i t  i n  which t h e  p e r i g e e  v e l o c i t y  
I s  s u f f i c i e n t l y  h i g h  s o  t h a t  t h e  p r o p u l s i o n  module 
has on ly  t o  supply  a small  amount o f  v e l o c i t y  
(5 ,000-to-8,000 f t / s e c ) .  I n  t h i s  mode t h e  space-  
c r a f t  would be l o f t e d  i n t o  o r b i t  i n  two l a u n c h e s  

3 ( u s i n g  3-s tage S a t u r n  V I S )  w h i l e  a t h i r d  l a u n c h  
would l o f t  t h e  o u t - o f - o r b i t  p r o p u l s i o n  module (0  P )  
a g a i n  on t o p  of a 3 - s t age  S a t u r n  V .  The p o t e n t i a l  
v a l u e  o f  t h e  approach  i s  t h r e f o l d :  

( a )  No SAT V u p r a t i n g  r e q u i r e d ;  

( b )  Reduced number o f  S a t u r n  V l a u n c h e s  (4-to-3);  
and 

( c )  Reduced f a c i l i t y  m o d i f i c a t i o n s  and o p e r a t i n g  
c o s t s .  These are  p o s s i b l e  as t h e  p r o p u l s i o n  
module would have " long  term'' o r b i t a l  s t o r a -  
b i l i t y  o f  t h e  o r d e r  o f  s i x  months r a the r  t h a n  
one f o r  a n  S-IVC stage.  

C u r r e n t  s t u d i e s  o f  t h e  Mars f l y b y  s p a c e c r a f t  c a l l  f o r  
a weight  o f  l e s s  t h a n  1 8 0 , 0 0 0  l b s .  S t u d i e s  o f  pro-  
p u l s i o n  modules s i z e d  t o  i n j e c t  a 1 8 0 , 0 0 0  l b  space-  
c r a f t  i n t o  a Mars o r b i t  a re  b e i n g  conducted  a t  
Bellcomm. P r e l i m i n a r y  r e s u l t s  a re  d e p i c t e d  i n  F i g .  1 
f o r  a one day  and two day e l l i p t i c a l  o r b i t .  The 
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p r o p u l s i o n  module c o n t a i n e d  h i g h  per formance  c ryo-  
g e n i c s  (L02 /LH2 o r  LF2/LH2) hav ing  a s p e c i f i c  impulse  
of 460 seconds ,  a p r o p e l l a n t  l o a d i n g  o f  0 . 9 2  ( n o t  
i n c l u d i n g  e n g i n e  we igh t )  and a n  e n g i n e  t h r u s t - t o - w e i g h t  
a f  5 0 .  A s  shown i n  F i g .  1, t h e  p r o p u l s i o n  module 
weighs 1 0 5 , 0 0 0  l b s  f o r  t h e  two day  p e r i o d  o r b i t  and 
1 1 8 , 0 0 0  lbs f o r  t h e  one day  p e r i o d  o r b i t .  These 
co r re spond  t o  a S a t u r n  V T L I  c a p a b i l i t y  of 98 ,500  lbs 
and lQ5,OOO l b s ,  r e s p e c t i v e l y .  The p r e s e n t  S a t u r n  V 
w i t h o u t  any m o d i f i c a t i o n  (103,000-1bs T L I )  c an  h a n d l e  
t h e  two day p e r i o d  o r b i t  w i t h  a 5 -pe rcen t  margin .  To 
p r o v i d e  a similar margin f o r  a one day p e r i o d  e l l i p s e  
a S a t u r n  V T L I  c a p a b i l i t y  o f  1 1 0 , 0 0 0 - l b s  i s  r e q u i r e d .  
T h i s  requirement can be  s a t i s f i e d  by development o f  t h e  
J-23 w i t h  performance o p t i o n s ,  o r  w i t h  a s u c c e s s f u l  
?7-2 e x t e n d a b l e  s k i r t ,  b o t h  a t  r e l a t i v e l y  low c o s t .  It  
l a  no tewor thy  t h a t  t h e  MS-IC v e r s i o n  o f  t h e  S-IC s t age  
would p r o v i d e  f o r  about  120,000 T L I  a t  a c c s t  i n  excess 
clt' 509  m i l l i o n  d o l l a r s  ( R e f .  6 ) .  The 5-2 e x t e n d i b l e  
s;leli% c o u l d  a lmos t  ma.tch (119,000 Ibs T L I )  t h e  MS-IC 
capabllfty a t  a f r a c t i o n  of t h e  c o s t .  T h i s  l a t t e r  
~ y t i o n  c o u l d  p rov ide  p r o p e r  d e s i g n  margin  s h o u l d  t h e  
(2 design paramete r s  o f  F i g .  1 prove  o p t i m i s t i c .  3 

'i'l-~ua, t h e  development o f  a h i g h  per formance  5-2 
engine would prsvI.de s u f f i c i e n t  margin  t o  i n s u r e  t h a t  
0 3 F  develnpment costs would be r e c o v e r e d  quickly from 
aavfngs i n  l a u n c h  opepatirig c a s t  a l o n e .  

-I 
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The impor tance  of i n c r e a s e d  5-2 performance  i n  S a t u r n  V 
rnanned synchronous m i s s i o n s  i s  a l s o  l a r g e .  For  example,  t h e  
Douglas A i r c r a f t  Company (Ref.  7 )  s ta tes  t h a t  a S a t u r n  V hav ing  a 
3-burn S-IVB c a p a b i l i t y  can i n j e c t  i n t o  a n  e q u a t o r i a l  synchronous  
o r b i t  a g r o s s  weight  of 98,500,  o f  which f o r  manned m i s s i o n s  t h e  
e i s c r e t i o n a r y  payload  would be 22,500 l b s .  (The r ema inde r  I s  an  
e a r t h  r e t u r n  CSM and s p e n t  S-IVB s t a g e . )  A 7-to-8 p e r c e n t  5 - 2  

o r d e r  of 50 -pe rcen t  t o  34,000 l b s .  

improvement cou ld  i n c r e a s e  t h e  d i s c r e t i o n a r y  payload  of t h e  
I S P  

I n  a similar mis s ion  mode, b u t  unmanned, t h e  d i s c r e t i o n a r y  
payload  i s  91,000 l b s .  An I improvement o f  7-8 p e r c e n t  p r o v i d e s  
a more modest b u t  s i g n i f i c a n t  pay load  i n c r e a s e  o f  1 2 . 6  p e r c e n t .  
'This order of  improvement may b e  s i g n i f i c a n t  f o r  m i s s i o n s  such  as 
Project ABLE. 

SP 

C .  L Lunar E x p l o r a t i o n  

The p r e s e n t  T L I  of lO3,OOO a l l o w s  t h e  l u n a r  s u r f a c e  
Ci~:liver77 J sf 12,COC-to-12,600 w i t h  minimum change t o  t h e  p r e s e n t  
A p o l l o -  S a t u r n  V uDra t ing  t o  t h e  o r d e r  of  1 2 0 , 0 0 0 - l b s  TLI w i t h  
a ,pPropr i a t e  m o d i f i c a t i o n  t o  t h e  l u n a r  module would i n c r e a s e  
landed pay load  by approximate ly  33 p e r c e n t .  The p r e v i o u s  v a l u e  
i s  p robab ly  n o t  maximum i f  minor m o d i f i c a t i o n s  t o  t h e  m i s s i o n  
Rode a r e  i n c o r p o r a t e d  ( i . e . ,  u s e  of  S-IVB p r c p e l l a n t s  i n  a t h i r d  
S u r n  for l u n a r  o r b i t a l  b r a k i n g ) .  

A s  s t a t e d b y  NASA/MTL i n  R.ef. 9 :  

"Although a 33-percent  I n c r e a s e  i s  of g r e a t  i n t e r e s t  
and can b e  r e f l e c t e d  i n  pay load  c a p a c i t y ,  s u r f a c e  
m o b i l i t y  o r  s t a y t i m e ,  i t  d o e s  n o t  p r o v i d e  ( i n  i t s e l f  
( s i c ) )  adequa te  i n c r e a s e  t o  p e r m i t  a b a s i c  change i n  
d e l i v e r y  mode such as d i r e c t  manned d e l i v e r y .  T h i s  
d e l i v e r y  mode r e q u i r e s  i n  t h e  o r d e r  of l50,OOO-to- 
160,000 TLI .  120,000 i s  a step i n  t h a t  d i r e c t i o n ,  
however, and i s  t h e r e f o r e ,  endor sed . "  

2-2 performance  improvement, p l u s  t h e  MS-IC s t a g e  would p r o v i d e  
c l o s e  t o  1 4 0 , 0 0 0  T L I  which approaches  MTL's des i res  f o r  t h e  
d i r e c t  d e l i v e r y  mode. 

It i s  noteworthy that  120 ,000  TLI would more t h a n  
s a t i s f y  t h e  e v o l u t i o n a r y  l u n a r  e x p l o r a t i o n  m i s s i o n  modes des- 
c r i b e d  i n  R e f .  9. 
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V. C O N C L U D I N G  REMARKS 

The o b j e c t  o t h e  m e c e  ng t e x t  was t o  show t h e  
u t i l i t y  o f  i n c r e a s e d  5-2 s p e c i f i c  impulse  as a p p l i e d  t o  p ro -  
d u c t  improvement S a t u r n  V v e h i c l e s .  It was t h e  i n t e n t  o f  t h i s  
wr i t e r  n o t  t o  d e p r e c a t e  t h e  J-2s program, b u t  rather t o  hope- 
f u l l y  i n f l u e n c e  program o r i e n t a t i o n  t o  a p a t h  which c o u l d  be 
more u s e f u l l y  i n c o r p o r a t e d  i n t o  t h e  S a t u r n  V ( a n d ,  of c o u r s e ,  
t h e  Upra ted  S a t u r n  I )  v e h i c l e s .  The per formance  o p t i o n s  o f  
t h e  5-2s program do  n o t  depend upon a s e r i e s  development  o f  t h e  
b a s i c  J - 2 s - j u s t  as i d l e  mode o p e r a t i o n  i s  p robab ly  f e a s i b l e  on 
t h e  e x i s t i n g  5-2 e n g i n e  and does  n o t  need t h e  J-2s t h r u s t  
chamber. Thus, it may b e  p o s s i b l e  t o  d e f i n e  a work s t a t e -  
ment t ha t  can p r o v i d e  u p r a t e d  5-2  IsD performance  b e f o r e  
t h e  b a s i c  J-2s s i m p l i f i c a t i o n  f e a t u r g s  are i n c o r p o r a t e d .  

The pr ime t e c h n i q u e  for 5-2 ICn improvement i s  h i g h e r  
"r? 

area ratio ( E ) .  To i n c r e a s e  E ,  MSFC has proposed  r e d u c i n g  t h e  
t h r e a t  diameter while maintaining t h e  maximum e x i t  d imens ion .  
To m a i n t a i n  e n g i n e  f l o w r a t e  t h e  chamber p r e s s u r e  must b e  i n -  
c reased  r e q u f r i n g  LH pump u p r a t i n g .  The a x i a l  pump improve- 
ment o f  Tab le  1 i s  n o t  a p a r t  o f  J-2S, b u t  rather i s  p a r t i c u l a r  
t c  t h e  p a r e n t  5-2 e n g i n e .  The more e x p e n s i v e  o p t i o n  o f  Table 1 
requires u s e  o f  a new c e n t r i f u g a l  LH2 pump (J-2X program) o f  
w h i c h  alrnost t h r e e  a s s e m b l i e s  a r e  a v a i l a b l e  f o r  t e s t .  These 
" f F t "  t ke  J -2  plumbing and  c o u l d  b e  i n c o r p o r a t e d  q u i c k l y  i n t o  
a t e s t  program d e s i g n e d  s p e c i f i c a l l y  for performance  u p r a t i n g .  

2 

F i n a l l y ,  t h e  " longsho t "  p o t e n t i a l  o f  t h e  e x t e n d a b l e  
r-tozzle t echno logy  i n  a n  S-IVB stage s h o u l d  be r ea l i zed .  Gran ted ,  
t h e r e  may be development problems,  however, t h e  payof f  o f  16 ,000  
l b s  greater  TLI w i t h o u t  t h e  large c o s t  o f  a J-2s program s h o u l d  
exc- l te  t h e  i m a g i n a t i o n .  The e v a l u a t i o n  of t h e  concep t  may prove  
a problem.  A s  p e r  Ref. 1 0 ,  t h e  5-4 t e s t  f a c i l i t y  of AEDC c o u l d  
accommodate a 5-2 hav ing  an  E o f  7 0 ,  o r  a 5-2s h a v i n g  a n  E of 
1 0 0 .  It i s  notewor thy  tha t  t h e  J-2s program o f  Ref. 2 i n c l u d e s  
AE:DC t e s t i n g .  It may be p o s s i b l e  t o  a l s o  t es t  e x t e n d a b l e  s k i r t s  
d u r i n g  t h e  same occupancy.  To d e m o n s t r a t e  t h e  f u l l  p o t e n t i a l  
( E  = 2 0 0 )  f l i g h t  t e s t i n g  may be n e c e s s a r y ,  p o s s i b l y  i n  conjunc-  
t i o n  w i t h  S-IVB o r b i t a l  bu rns .  However, a 5-2 h a v i n g  a n  E = 1 0 0  
w i l l  s t i l l  p r o v i d e  s u b s t a n t i a l  IsD improvement. 

IOlS-CB-gdn 

A t  t ac hment 
( s ee  n e x t  page )  

c' ?* 1' 

C .  Bendersky 
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